INTRODUCTION
Currently, the extended use of broad-spectrum insecticides has resulted in the development of resistant insect populations. Many scientists throughout the world have concentrated on the search for active natural products derived from plants as ecologically safe alternatives 1 . Of the products with insecticidal activity derived from plants, essential oils have proven to be toxic to different pests and more effective, biodegradable, and less harmful to the environment than traditionally used synthetic organophosphorus pesticides 2, 3 . Essential oils have several characteristics that improve their efficacy as insecticides. They are both phytochemically diverse containing many biosynthetically different compounds and redundant containing many analogs of one class . Moreover, essential oils and their constituents exert insecticidal effects or reduce and disrupt insect growth at several life stages. The efficacy of essential oils varies according to the phytochemical profile of the plant extract and the entomological target 4 . Triboli-um castaneum Herbst is one of the most widespread and destructive insect pests of stored cereals. The red flour beetle not only causes significant losses because of the consumption of grains, but also results in increased temperature and moisture conditions that lead to an accelerated growth of molds, including toxigenic species 5 . The booklouse, Liposcelis bostrychophila Badonnel Psocoptera: Liposcelididae is frequently found in stored product grains and traditional medicines, often in extremely high numbers, and in amylaceous products 6 . This insect s parthenogenic mode of reproduction coupled by its short life cycle in favorable conditions makes it particularly troublesome, as it can rapidly infest susceptible commodities 7, 8 . subjected to hydrodistillation by a modified Clevenger-type apparatus for 6 h and then extracted with n-hexane. After extraction, water in oil was removed by anhydrous sodium sulphate. The essential oil was stored in an airtight container in a refrigerator at 4 .
Insects
The T. castaneum and L.bostrychophila were obtained from laboratory cultures maintained for the last 2 years in dark in incubators at 29 1 and 70-80 relative humidity. Adult T. castaneum insects were reared in glass containers 0.5 L containing at 12-13 moisture content on whole wheat mixed with yeast wheatfeed/yeast, 10:1, w/w while booklice were reared on a 10:1:1 mixture, by mass, of flour, milk powder and active yeast. Adults used in all the experiments were about 1-2 weeks old. All the containers housing insects used in experiments were made escape proof with a coating of polyterafluoroethylene Sino-rich®, Beijing Sino-rich Tech Co., Ltd., Xuanwu District, Beijing, China .
GC-FID and GC-MS analysis
GC-MS analysis was performed on a Thermo Finnigan Trace DSQ instrument equipped with a flame ionization detector and an HP-5MS 30 m 0.25 mm 0.25 μm capillary column. The column temperature was programmed at 50 for 2 min, then increased at 2 /min to the temperature of 150 and held for 2 min, and then increased at 10 /min until the final temperature of 250 was reached, where it was held for 5 min. The injector temperature was maintained at 250 and the volume injected was 1 μL of 1 solution diluted in n-hexane . The carrier gas was helium at a flow rate of 1.0 mL/min. Spectra were scanned from 50 to 550 m/z. Most constituents were identified by comparison of their retention indices with those reported in the literature. The retention indices were determined in relation to a homologous series of n-alkanes C 5 -C 36 under the same operating conditions. GC retention time and their mass spectra stored in NIST 05 and Wiley 275 libraries or from literature were used for identifying the essential oil components 18 . Relative percentages of the individual components of the essential oil were obtained by averaging the GC-FID peak area reports.
Bioactivity

Fumigant Toxicity
The fumigant activity of the essential oil against T. castaneum adults was tested in 5th, November, 2014 as described 19 . A filter paper diameter 2.0 cm was placed on the underside of the screw cap of a glass vial volume 25 mL . Range-finding studies were run to determine the appropriate testing concentrations. 10 μL of essential oil solution was added to the filter paper. The solvent was allowed to evaporate for 20 s after the cap was placed tightly on the glass vial containing 10 unsexed insects to form a sealed chamber. n-Hexane was used as a control. All the glass bottles were kept in the dark incubators at 29 1 and 70-80 relative humidity. Mortality of the insects was noted 24 h after treatment, and the LC 50 values were calculated by using Probit analysis 20 .
The fumigant activity of the essential oil against L. bostrychophila adults was tested in 5th, November, 2014 as described 6 . A serial dilution of the essential oil/compound was prepared in n-hexane. A filter paper strip 3.5 1.5 cm was placed in the bottom cover of a 250 mL volume of the glass bottle and then treated with 10 μL of an appropriate concentration of the test essential oil. Ten adults of the booklouse, placed in a small 8 mL bottle were contained in a 250mL glass bottle and incubated for 24 h. n-Hexane was used as a negative control. The LC 50 values were calculated by using Probit analysis 20 .
Contact Toxicity
The contact toxicity of the essential oil against T. castaneum adults was measured in 6th, November, 2014 as described 19 . Aliquots of 0.5 μL of the oil/compounds diluted with n-hexane at 5 different concentrations were applied topically to the dorsal thorax of the insects 10 insects per replicate, five replicates per dose . Insects treated with nhexane alone were used as controls. Both treated and control insects were then transferred to glass vials 10 insects per vial and kept in the incubators. Insect mortality was checked after 24 h, and the LD 50 values were calculated using Probit analysis 20 . Positive control, pyrethrins pyrethrin I and II, 37 were purchased from Dr. Ehrenstorfer GmbH.
The contact toxicity of the essential oil against L. bostrychophila was tested in 6th, November, 2014 as described 6 . A 5.5 cm diameter filter paper was treated with 300 μL of the solution of the essential oil. The filter paper after treated with solid glue was placed in a 5.5 cm diameter Petri dish with a coating of polyterafluoroethylene as escape proof and 10 booklice were put on the filter paper. A cover was put over the Petri dish and all the Petri dishes were kept in the incubators. n-Hexane was used as a negative control. Five concentrations and five replicates of each concentration were used. Mortality of insects was observed after 24 h. The LD 50 values were calculated by using Probit analysis 20 .
Repellency Tests
The repellent activity of the essential oil to T. castaneum adults was tested using the area preference method in 7th, November, 2014 21 . The essential oil was diluted in nhexane to different concentrations 78.63, 15.73, 3.15, 0.63 and 0.13 nL/cm 2 and n-hexane was used as the control.
Filter paper 9 cm in diameter was cut in half. 500 μL of treatment solution was placed on one half of the filter paper. The other half was treated with 500 μL of n-hexane. Both the treated half and control half were then air-dried to evaporate the solvent completely 30 s . The treated side was then joined to the control side by tape and placed in glass Petri dishes 9 cm in diameter . As for the booklouse, Petri dishes with a coating of polyterafluoroethylene as escape proof and filter papers were changed to 5.5 cm in diameter and the concentrations of the oil used in the experiments were 63.17, 12.63, 2.53, 0.51 and 0.10 nL/cm 2 .
The half filter paper was treated with 150 μL of the solution. For both tests, twenty insects were released in the center of each filter paper disk, and a cover was placed over the Petri dish. Five replicates were used. All the Petri dishes were kept in the incubators. Counts of the insects present on each strip were made after 2 and 4 h. The percent repellency PR of each volatile oil was then calculated using the formula:
Where N c is the number of insects present in the negative control half and N t is the number of insects present in the treated half. The averages were then assigned to different classes 0 to V using the following scale percentage repellency 22 
RESULTS and DISCUSSION
Chemical compounds of the essential oil
The yellow essential oil yield of A. maximum fruits was 0.12 v/w and the density of the essential oil was determined to be 0.88 g/mL. GC-MS analysis of the essential oil from A. maximum fruits led to the identification and quantification of a total of 36 major components, accounting for 89.70 . Moreover, β -phellandrene 11.6 was present in the root oil 11 . Physiological expression of secondary metabolism of the plant may be different at all stages of its development 4 . In the previous reports, influence of organ, season and drying method on essential oil of Juniperus phoenicea was evident 24 . Besides, temperature, circadian rhythm, plant stage, soil acidity and climate heat, photoperiod, humidity all affect the secondary metabolism of the plant and essential oil composition 25 27 .
The above findings demonstrated that there are broad differences in the chemical components for A. maximum fruits essential oil. Further studies on plant cultivation and essential oil extracting standardization are necessary 33) maximum fruits 33 . The result implied that there exists other active compounds in the essential oil of A. maximum fruits against L. bostrychophila adults. Therefore, futher studies are needed to find the active compounds and the mechanism of the contact toxicity.
Repellency
The repellent effect of the essential oils of A. maximum fruits against the two stored product insects was investigated. Data showed that the essential oil possessed strong repellency against T. castaneum adults Fig. 1 , whereas the repellency against L. bostrychophila was moderate. As for T. castaneum adults, the crude oil showed higher repellency than positive control, DEET. At dose of 78.63 nL/ cm 2 , the crude oil both showed 100 repellency Class V at 2 and 4 h after exposure. At the other tested concentrations, the repellence after 2 h varied from 100 to 76 , Class V to IV. Then after 4 h exposure, the repellent class of the crude oil and DEET were about the same except for the oil at the dose of 0.13 nL/cm 2 . However, as for L. bostrychophila, the essential oil showed weaker repellency than DEET. At the dose of 63.17 nL/cm 2 , the A. maximum fruits oil showed 84
Class V and 82 Class V repellency at 2 and 4 h after exposure, respectively. With the decreasing of the sample concentration, the activity of A. maximum was decreased gradually. At the lowest concentration 0.10 nL/cm 2 , the essential oil only showed weak repellency 20 , Class I and 10 , Class 0 at 2 and 4 h after exposure, respectively. In China, a lot of essential oils derived from Chinese medicinal herbs and spices have been evaluated for repellency against insects 33, 36 40 . This paper reported the essential oil of A. maximum fruits had insecticidal and repellent activity to red flour beetles and booklice for the first time.
CONCLUSION
The chemical composition of the essential oil from A. maximum fruits is analyzed, and the insecticidal and repellent activities of the essential oil against two storage pests are reported for the first time. This work indicates that the essential oil of A. maximum fruits has potential for development into natural insecticide/repellent for control of insects in stored products. However, further studies are needed to develop a formulation and to improve the potency and stability of these potential insecticides and repellents for practical use. Fig. 1 Percentage repellency of DEET and the essential oil from Amomum maximum fruits against Tribolium castaneum and Liposcelis bostrychophila at 2 h and 4 h after exposure * . * The averages were assigned to different classes (0 to V) using percentage repellency. Vertical error bars indicate standard error of mean.
